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Now that genetics, in partnership with biophysics and biochemistry, and 
under the new nate of molecular biology, kay become so publicise it is 
interesting co remembee chat during the ‘twenties and "thirties cytogenetical 
work with roses played a considerable pare in the earlice researches in this 
subject and especially in opening up new aspects of the study of evolution. 
In no other genus could such a compeehensive and comparative study be 
made, falling as it does into many different categories which could only be 
investigated osheewiee by tokg a aumber o€diftereds genera, 

The enormous number of wild-growing ROSA species, many of which 
are so well depicted for us in Miss Willmar’ splendid monograph, exrend 
widely all round the nocch temperate zone while several, by accident or 
design, have followed man into the south temperate zone. Cerzain species, 
very sweet-scented and with a propensity for doubling theie petals, attracted 
the attention of man in the early stages of his civilisation and theough the 
centuries were domesticated by him. These geadually, like his animals and 
foodctops, produced new foems for his careful selection. The Greeks and 
Romans were particularly fond of these roses and by mediaeval times a 
firm basis was laid for what we now call the old-fashioned bush roses. 
During the last century the famous French rose-growers in pacticulae 
cralved from these the hybrid perpentals through bybcidiations Sih Rosa 
chinensis and the tea cases, which eventually were co blossom forth into our 
magnificent hybrid teas of today. 

Added to these is another completely distinct group of ROSA species, the 
briars or Canina roses, gcowing wild in Europe and Western Asia and impor- 
tant horticulcurally as stocks. These have a most peculiar cytogenetic be= 
haviour and geographical distribution, more or lex coinciding with the 
fysonin cxncanioe OF the ie shes of Plastocens eae’ pointing to the fact 
that they are probably ancient hybrids of that period. Consequently there 
are many interesting evolutionary problems connected with them. 

So, within one genus, we have every stage from the purely wild species, 
through the early cultivated forms to the most highly evolved garden forms 
of today, artificially created by the concenteared efforts of many great 
rosarians, Genetics was certainly not in che minds of the early breeders since 
its principles were unknown until 1900; nevertheless mutants were carefully 
preserved and many of their hyberiatons were of great future genetic 
importance, especially the intcoduction of the previously elusive yellow 
shades by Pernet-Ducher at the tum of che century by using the yellow Rosa 
lutea from S.W. Asia and its magnificent mutant ‘Austrian Copper’, with 
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tals coloured rich nasturtium-red on the inner surface, providing the 
asis for the long line of bicolours which are so popular today. 

‘The Abbé Mendel had carried out his famous experiments on heredity in 
peas in the 1860s, but these were disregarded and for otten until they were 
rediscovered in 1900. Put very briefly, he had proved that normally every 
individual catrics two complete sets of hereditary characters, one received 
from the father and one from the mother at fertilisation. At the formation of. 
its own germ cells these will again contain only one set of characters, but 
these, although unchanged, will have been reshuffled so that any differences 

een the original parents will segregate out in subsequent offspring, 
giving different combinations. 

+h crossing different varieties of peas Mendel found that in the case 

eb eabvslens Charseoss suck es yellow G2 grecuseadi; el cx dest sates 
‘one would be dominant over the other (the recessive), hiding it when the: 
are both present together. Ouly when two recessives come together can this 
character show itself under ordinary conditions. By the laws of chance this 
can theoretically happen once out of every four times, which is also true for 
the meeting of the two dominants, both the pure dominants and the pure 
recessives resulting obviously breeding true, In the remaining two, however, 
the dominane will mect the yeeesive, but outwardly only the dominant will 
show so that out of every four there will be three apparent dominants to 
one recessive. This famous 3:1 ratio for the inheritance of any one pair of 
characters and the purity of each unit character involved, were the key 
principles for Mendelian breeding. 

In England William Bateson and Miss E, R. Saunders at Cambridge, and 
C. C. Hurst in Leicestershire had been working on similar lines at the end of 
the century without discovering the whole truth, though they were very 
near to it. The R.H.S, was extremely interested in this work and as it was 
realised from their results that the secrets of heredity could only be dis 
covered by minute observations on hybrid behaviour, the Rey. W. Wilks, 
then Secretary of the Society, arranged an international conference on 
hybridisation in 1899 at which the three English workers and others at home 
and from abroad read papers on the subject. Much interest was aroused and 
when Mendel’s lost paper was discovered the next year it was scen that it 
held the missing clues in dealing with each character as a separate unit, 
retaining its individualiry from generation to generation. 

Experiments were put in hand in many countries during the next decade 
to test the truth of Mendel’s Principles in various ani and plants and 
they were found to hold true in all those examined. Mendelism was re~ 
christened genetics and the unit characters genes: the next step was to discover 
what these mysterious entities were which appeared as pairs in any individual 
and singly in its germ cells, fertilisation restoring the paired condition in the 
new individuals arising, Microscopises who had been examining the cells in 
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animals and plants had discovered that cach cell contained minute worm-like 
bodies which took up dyes so readily that they were named “chromosomes” 
or coloured bodies. As work proceeded it was found that each bodycell con- 
tained the same number of chromosomes in any individual, and veually in 
every tadivideal of e apesed though te miphc be ditecene in olber species tt 
when they examined the germ cells they found the number was reduced to 
half, Putting two and two together it was suggested that here was the perfect 
mechanism for Mendel's segregation of characters, but this had to be proved. 
During the second decade T. H. Morgan and his colleagues in America set 
out to do this, using the minute fruitfly, Drosophila, which could be bred in 
enormous numbers and most conveniently d only four pairs of 
ihromosociea which sds the wok les encapbeated. Ieche pcnea vere car 
ried by the chromosomes they should therefore work in four groups in the 
germ cells of this fy and by an immense number of experiments this vas not 
only proved but many of the genes were actually “mapped” for their posi- 
tions within these four chromosomes. 

Genetics had arrived thus far at the end of World War I;; there was con- 
siderable disbelief in the new ideas, as was the case in the early days of 
Mendelism. Hurst, who had always believed in the chromosome theory, 
recurning from the war in late 1919, saw that this new work had also to be 
extended to other animals and to plants in the same way that the Mendelian 
work had been. Before the war he had had an extensive experimental station 
for this at Burbage in Leicestershire, where his researches covered horses, 
rabbits, poultry and many different kinds of plants, including roses. Already 
some workers in America were starting on various species of plants to cor- 
relate the chromosomes with the genetic characters, but Hurst felt that it 
was necessary to go beyond this. He was extremely interested in the prob- 
Jems of evolution and he realised that if the genes were located in the chromo- 
somes an examination and comparison of the chromosomes of the various 
species in a large genus should give considerable enlightenment on this too, 
pointing out ways by which they had evolved. 

This was where the roses came in. He had a large and representative col- 
lection of species and cultivated roscs from all over the world and genetical 
work was already in progress with some of them. He determined to extend 
this by investigating the chromosomes too and in 1922 we Went up to 
Cambridge for the necessary laboratory accommodation and facilities. 
Fortunately just about this time a Swedish botanist, G. Tackholm, published 
an account of work he had done on ROSA chromosomes which was ex- 
tremely useful since, in addition to those he had worked with in Scandinavia, 
he Lae done a number of those in the very excellent collection of species 
then at Kew, largely the result of the great pre-war collections made in that 
hotbed of speciation of S.E. Asia, though there were many from other areas. 

His work showed that ROSA chromosomes were amazingly interesting, 


0 ROSES AND GENETICS 


far beyond anything Hurst had hoped for and likely to prove most profitable 
for his research, For ROSA proved to be one of the genera containing many 
species known as polyploids in which there are more than two complexes 
of chromosomes in an individual. The basic chromosome number is seven 
(haploid), and in the ordinary diploid condition 14 chromosomes are prescnt 
in the body cells of the individuals of the many species belonging to this 
category; but there are also tetraploids with four sets of chromosomes (28), 
hexaploids with six (42), and octoploids with eight (56). 

The Caninae roses, some forms of which were also examined by Blackburn 
and Harrison in Newcastle about this time, showed a very guect state of 
affairs since they were pentaploids with five sets of chromosomes (33), of 
which only two sets—14 chromosomes—paired together, the remaining 
three—21 chromosomes—continuing unpaired. In the pollen cells the seven 
pairs divided normally giving a varying percentage of healthy pollen grains 
with seven chromosomes; the unpaired chromosomes were most erratic, a 
few getting included in some of the main grains, others forming small grains 
themselves, in either case causing sterility, The formation of the eggcells 
‘was curious in the extreme, for in this case all the single chromosomes tended 
to be included with one of the sets of the reducing pairs so that female 
germeells had 28 chromosomes which, when fertilised by pollen carrying 7, 
restored the original number of 35 in the progeny. 

‘Actually these roses are very largely apomictical (ie. setting seed vege- 
tatively without reduction or ferttbsarion) which accounts for their rich 
harvest of heps in spite of much gametic sterility. Nevertheless the hybrids 
which occur from time to time show that this irregular fertilisation can 
take place. The great point is that here too the chromosomes are working 
in sets of seven, which made them very useful for experiment, 

‘The chromosomes of the garden roses at that time were not so complex as 
might be expected, most so far as examined being diploid or tetraploid, 
with some triploids occurring as hybrids between these and a few higher 
polyploids arising through crosses with R. canina (R. alba, etc.), in the Pen 
zance Briats (hybrids between R. rubiginosa and various garden roses), and a 
few others. The work done with these was described by Hurst in the R.H.S. 
Journal in 1941 under the title of Notes on the Origin and Evolution of out 
‘Garden Roses,and reprinted in The Old Shrub Roses by Graham Thomas(19$5). 

‘There must be far greater complexities now after another forty years of 
intensive hybridisation by many rose growers and through the introduction 
of other species. Hurst himself set out to incorporate into the garden roses 
the desirable qualities of the strong-growing and beautiful American species 
R. nutkana (a hexaploid), crossing it with a popular garden rose of the 
"ewenties, ‘Red Letter Day’, with a very high proportion of R. chinensis blood 
which made it extremely free and perpetual flowering. 

‘The result was the shrub rose, ‘Cantab’, which gained the Cory Cup at the 
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RUS. in 1940. This is illustrated in Edland’s Pocket Encyclopaedia of Roses 
(0963, p. tam No. 343). The bush, which rans up to-a exns/lerable height, 
covers itself with large single flowers up to 4 inches across, of a rich earmine 
pink. Ivis abo fezile and inherits the ate, harcefruiting Pabie of R. muthana 
qo that ie puts ememties display ia late ahumancAkhoupl i sonly sumioer 
Sowiertng hall ieeatiiea theracsatve charaeses for pespueval dove leg ost 
"Red Letter Day’ andit was intended vo breed from ‘Catal eo rise peroectua 
flowering bush roses, but due to the war this was not possible, One hopesthat 
use wil be made of this fst generation hybrid which contains other desirable 
bur hidden roceutve qualities incding the double Howering of Red Leseer 
Day’ and the eobust camey habit of Re nutkana, 
oT 5 return valle wild specicar polyslosdy, iow ito uch « paitiel past 
jercg lad scateely boon secoghlicl ache Sepianing onions fremiaa A 
ery few plans which showed gigantiam in all their parts had been found 
fo have double the number of chrowosciuea aud Japanese bora had found 
a polyploid series in Chrysanthemum species, but the implications of this were 
ok relied even ty tee invalved; uch len by other Blogiity Chroma= 
sotnannue bet ihedd alays Bete ecguede’ byiencee cntntsalyreaattion syne: 
ii character in the days before Morgan fad shown that the chromexomes 
Che genes and hi was ns by sy mene ner accep 
zo litle having been done from this nandpoint except in Drosopila, 
During tost-25 the material Hore had taken fom his own collection, 
arid in the val, pas artinad anil wre found thivincombleselyagieel oath 
‘Tickholm’s work. By this time quite a considerable number of species and 
garden forms had been covered and Hurst was able to correlate these results 
with the systematic position in ROSA, He began to realise that the wild- 
roving poly plaids were at jim plain daplicde Mplelds assis fain (Ge 
tome garden toees, but appetted to contata the chatucter of rwoy three or 
foam diplold specis according to whether they qvece etaplol§, hesaplotd or 
octoploid. This was an entirely new idea, though one or two cases were known 
in culdvated plans in which a sterile hybrid had produced a fertile form by 
the duplication of its chromosomes. These fst ROSA results were reported 
at the Brhish Astociation at Liverpool in 3923. 
neiof the’ greats conundviina of te catly:geAlicivsaroie'ftom ike 
fice dutta thelr experimen seemed at Waauch variation proceeded fora 
an “unpacking” of a considerable number of genes contained within a wild 
ipeddes especially: onder domestieiion, Lehi werelaa, hay did they. gee 
ockealg ofginally? Ie has fo belcezaoaibeced hese tRat fat raat? people 
special edt lon wad ll byfunteseana fargottenssLiutiacis had believed teat 
species were specially created but varieties arose afterwards. Darwin's 
Feat Work oi the gin of ipecsa by the natural/sdlecdon of variations 
Fld been pataes hit ides: hoe soullitle was. ar yeu, knowatat tor the 
causes of vatiation that there was ail ao definite proof of this and Darwin's 
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shceiks Sere heiog questioned by’ a namaber‘of people th consequndce: 

Hits saw thas ia these pohypdos¥ tere cesinly or avery cotsiiceabe 
epporaiy for his acing ap by the binging together ah les complex 
species to form more complex ence which, chrough the greater number of 
chromosomes and genes esnesined, had far prestes powers of raatation and 
also of response to differing environments, The work of other peopl, 100, 
nvas beginning to show that not only were whale chromosome complexes 
involved in this build-up, box dupltcations of Single ‘chromoscenes pould 
occur, of parts of chromosomes even, all adding to the complexity of species 
and creating the condition which had so puzzled the early worker. 

“The rose work went forward rapidly. We visited and took material from 
all the famous gardens, including the fabulous Roseraie de Ha) near Paris, 
Much interest was aroused, especially in America, and a vast amount of 
criticism everywhere. Only the mor advanced Biologis had as yet reached 
the palut of scccpdng thar genes might be cared by chromoconies; that 
they could occur hc ooh coax groupings wat noir big pill s9 swallow. 
Although the rose work received much attention and many people came to 
sce the experimental collections at Burbage and Cambridge, few people 
‘vere convesront engugh wit tbe syncmties of ts wary Lege-and cial 
genisin be shlcto follow ireaty. 

In Jaly 1938 Horst gave an ourbno of the experiments to date at the great 
International Rese Canference in London, an extended and fally usteaed 
paper being published in The Rose Annual for 1929, showing thatthe lawl 
Ention ef ROSA species could be correlated with the chromosome numbers, 
explaining the say diGieshics experienced by earlies romans in dealing 
Swab this"very complicated geani cendered 52 Ey sesson of ics polyploid 
condition witch erestes much ocherwise inexplicable overlapping® 

By this time the chromosomes of 674 spenies, varies apd] hybrids had 
been caanmintd end 17 is probably sil Cus kay se tlie pects bs beca 90 
widely covered, During the next few years this was incrested wo over 3,000 
by oumsclves and others, Unfortunately mor of the great callecions of the 
‘ery beactfil soe species haye boen Jer Gung this Sery disturbed ecneury, 
Mix Wilmot’ being destroyed daring the fre: war and the prestes part of 
the one at Kew during the sacood, with smaller oncs faling sictins wo the 
lick of lbour. Unfortanatdy there s no preseat hope of reslacerent of the 
great Aaistic species owing vo political cobitions. The fatal hab of Botanic 
Gardens of distributing seeds from open flowershas resulted in various hybrids 
being perpetuated as the real species, of which very few now remain cxcepe 
a Ulesravions in he great pecawat ce naogapke 

"The work en the chrempovocbes of vartous oubed plants and titi vr 
steadily advancing everywhere, giving eh prook of the posible costacs 
of evolution. Wheats in particular showed diploids, tetraploids (macaroni 
svbeat) and hexaploids (read wheats) which were evenrally trated out az 
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ancient species hybrids in which the chromosomes had become duplicated, 
Today this production of new species by hybridisation and the duplication of 
iiniehonieseraes oF te ie hybrid to make a fertile new species is a 
commonplace, both by artificial experimental means and as occurring natur- 
ally in che wild; but it was in ROSA that this was first realised as an evolu- 
tionary factor opening up new possibilities in the creation of new and more 
adaptable species, as has been occurring in nature through long acons of time. 

Hurst was assiduously collecting information on all the various types of 
chromosome and gena changes wich were being discovered) many of which 
were also found in ROSA, showing how these could bring about the many 
changes necessary to build up all the coraplexities of the higher animals and 
plants—"from amoeba to man”, Bringing all this together with the rose 
results he published it as a book, The Mechanism of Creative Evolution, in 1934 
which certainly hit the world headlines for all the new ideas it contained. 

No other genus could have shown so conclusively the proofs of the 
progress of evolution, not only naturally but, in later centuries, in the great 
florescence of garden roses, through human controls, thus illustrating how 
man has increasingly taken over and speeded up these processes by his 
domestication and breeding of animals and plants and the making of better 
environments for their success. The future of creative evolution now lay in 
the hands of man, for better or for worse, according to how he used his new 
powers. The final and most important control man has yet to exercise is 
upon himself and unless he can do this very quickly, both in the control of 
human populations and of his greed for power, extending to the danger of 
annihilation by starvation or by atomic or biological warfare, his new 
knowledge, which could be so beneficial for all, will be of no avail. 

With the cooperation of biophysicists and biochemists, together with the 
new refinements of leccronia tecliiques in the labostoriee. che mystery of 
the actual genes themselves has been revealed during the past fifteen years, 
showing them to be real molecular entitics acting as chemical codes, of 
messages, handed down by the chromosomes from generation to generation, 
and from cell to cell, giving the information for the various processes through 
which the development ota complete organism can be achieved. 

‘With the new genctical knowledge gained in recent years man becomes 
increasingly in control of biological development and the alleviation of 
disease, in addition to the earlier genetic methods of breeding better food 
animals and plants. This has frightened some people into the belief that science 
might tamper too much. This belief stems largely fom ignorance and the mis- 
representations of facts by reporters, who make terrifying assertions without 
scientific knowledge. 

Ie is pleasant to think that the rose, so beautiful and well-beloved, should 
have played such an important part in the unavelling of the genetic problems 
so necessary for the future betterment of man and his environment, 


